The reactivity of the tetradentate ligand bis(p-thiomethylphenylacetylene) ( -C≡C) and Cu-S bonds, L2 reacts with CuI to produce a luminescent non-porous 2D CP exhibiting the general formula ([Cu 4 I 4 ]{L2} 3 ) n , CP2, which does not use the highly expected Cu(η 2 -C≡C) linkage, relying strictly upon Cu-S coordination. An examination of the X-ray structures for both L2 and CP2 indicates that CP2 network is built upon an expansion of the L2 lattice (plane sliding and slight L2-L2 distance separation) resembling to a sort of template effect. CP2 has been characterized by TGA, UV-Vis, emission spectroscopy, and photophysics, which are accompanied by DFT and TDDFT computations.
Introduction
There is a wealth of examples dated from the 1990's where copper halide salts selectively coordinate the alkynyl function (η 2 -C≡C) over the thioether one in bidentate (R-C ≡C···S-R′) ligands to form organometallic species with a dandling uncoordinated thioether [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, this trend does not exclude the several examples where both coordination centers are used to generate polymetallic (cyclic and acyclic) species and polymeric solids [14] [15] [16] [17] [18] . The bis(phenylacetylene) motif (PhC≡C─C≡CPh) is also known to efficiently bind copper halides (CuX; X = Cl) in a (η 2 -C≡C) fashion [19, 20] . Upon the incorporation two methyl thioethers onto this motif, an emissive multidentate ligand is obtained (L2; Fig. 1 ) [21] , which is also known to be prone to generate luminescent (rhodium) organometallic complexes [22] , but the SMe groups do not coordinate the metal at all.
Structurally related to L2, a recent investigation on an emissive and rigid organometallic ligand L1 (trans-Pt(PMe 3 ) 2 (C≡CC 6 H 4 SMe) 2 ; Fig. 1 ) was conducted in order to construct heterobimetallic coordination polymers (CPs) exhibiting both porous frameworks and exhibiting a strong luminescence [23, 24] . Figure 1 exhibits such an example ([Cu 4 I 4 ]L1 · solvent) n (CP1), which was reported for potential sensor applications for organic vapour. In addition to this case, the presence of a Pt atom is also attractive for possible catalytic applications. The outcome of this study is that the formation of CPs when reacting L1 with CuX salts (X = Cl, Br, I) in various solvents (MeCN, EtCN and PhCN) is that despite the apparent steric constraint around the Pt-center, Cu(η 2 -C≡C) binding is always observed. When Cu-S coordinations also occur, porous or non-porous 2D frameworks are systematically generated [23, 24] . This preference for Cu(η 2 -C≡C) linkage over Cu-S is again fully consistent with earlier literature observation mentioned above [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, very rare examples of 2D and 3D CPs produced with alkynylcontaining dithioethers (here RC 6 H 4 SCH 2 C≡CCH 2 C 6 H 4 R; R = H, CH 3 ) and CuX salts (X = I in this case) through Cu-S only, also exist (2 examples) [25, 26] .
In this bref investigation, we now report a complete opposite selectivity when reacting L2 with CuI where no Cu(η 2 -C≡C) bond is observed. In this case, a 2D luminescent CP of general formula ([Cu 4 I 4 ]{L2} 3 ) n (CP2) is isolated. The explanation for this unexpected observation stems from the shape of L2, which in the solid state stacks sideby-side, in a similar manner to that observed in CP2. The emissive excited state has been characterized with the help of density functional theory (DFT) and time-dependent DFT (TDDFT) computations.
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Instruments
Solid state UV-Vis spectra were measure using a Varian Cary 50 spectrophotometer at 298 and 77 K using raisedangle transmittance apparatus and a homemade 77 K sample-holder. Steady state emission and excitation spectra as well as chromaticity were measured on Edinburgh Instruments FLS980 Phosphorimeter equipped with single monochromators or a PhosphorimeterQuantaMaster 400 from Photon Technology International (PTI). The lifetime measurements were made with an Edinburgh Instruments FLS980 Phosphorimeter equipped with "flash" pulsed Lamp. The Frequency of the pulse can be adjusted from 1 to 100 Hz.
All lifetime values were obtained from deconvolution and distribution lifetime analysis. The Quantum Yield measurements were performed with the Horiba Fluorolog III. This instrument is equipped of an integration sphere which allows the direct measurements of emission quantum yields. All samples were crushed to powder prior to use, and the homogeneity of the sample was verified by comparing the X-ray powder diffraction patterns with that calculated ones from the single crystal X-ray data. These spectra were corrected for instrument response. The TGA traces were acquired on a Perkin Elmer TGA 7 apparatus in the temperature range between 20 and 900 °C at 10 °C/min under nitrogen atmosphere. The figures have been treated by Origin software.
Computations
The density functional theory (DFT) and time dependent density functional theory (TD-DFT) calculations were performed with Gaussian 09 [28] at the Université de Sherbrooke with the Mammouth supercomputer supported by Le Réseau Québécois De Calculs Hautes Performances. All. cif files from X-ray crystal structures have been used like optimized structure for calculations. The DFT (singlet and triplet energy states) as well as TD-DFT calculations [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] were carried out using the B3LYP functional. VDZ (valence double ζ) with SBKJC effective core potentials were used for all Cu and I [39] [40] [41] [42] [43] [44] . The calculated absorption spectra were obtained from GaussSum 3.0 [45] .
X-ray Crystallography
Clear light yellow Needle-like specimen of L2 were measured on a Bruker Apex DUO system equipped with a Cu Kα ImuS micro-focus source with MX optics (λ = 1.54186 Å). A total of 1727 frames were collected for L2. The total exposure time was 4.80 h. The frames were integrated with the Bruker SAINT [46] software package using a wideframe algorithm. The integration of the data for L2 using a triclinic unit cell yielded a total of 4113 reflections to a maximum θ angle of 70.84° (0.82 Å resolution), of which 2727 were independent (average redundancy 1.508, completeness = 95.7%, R int = 1.65%, R sig = 3.57%) and 2526 (92.63%) were greater than 2σ(F 2 ). Data were corrected for absorption effects using the multi-scan method (SAD-ABS) [46] . The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group of P − 1, with Z = 2 for L2. Clear light yellow prism-like specimen of CP2 were measured on a APEX DUO system equipped with a TRIUMPH curved-crystal monochromator and a Mo Kα fine-focus tube (λ = 0.71073 Å). A total of 797 frames were collected. The frames were integrated with the Bruker SAINT [46] software package using a wideframe algorithm. The integration of the data using a triclinic unit cell for CP2 yielded a total of 7436 reflections to a maximum θ angle of 26.41° (0.80 Å resolution), of which 5535 were independent (average redundancy 1.343, completeness = 99.8%, Rint = 1.74%, Rsig = 4.00%) and 4652 (84.05%) were greater than 2σ(F 2 ). Data were corrected for absorption effects using the multi-scan method (SADABS) [46] . The structure of the CP was solved and refined using the Bruker SHELXTL Software Package, using the space group of P -1, with Z = 2 for CP2. The crystallographic data for L2 and CP2 are placed in the Supporting Information.
X-ray Powder Diffraction Pattern Measurements
Prior to the photophysical investigation, L2 and CP2 were checked for mixed phase. They mixed with a small amount of paratone oil and cut to approximately 0.
The samples were placed on a sample holder mounted at 173.2 K on a Bruker APEX DUO X-ray diffractometer. 6 correlated runs per sample with Phi Scan of 360 degrees and exposure times of 270 s were collected with the Cu microfocus anode (1.54184 Å) and the CCD APEX II detector at 150 mm distance. These runs, from −12 to −72°2θ and 6 to 36°ω, were then treated and integrated with the XRW2 Eval Bruker software to produce WAXD diffraction patterns from 2.5 to 82°2θ. The patterns were treated with Diffrac. Eva version 2.0 from Bruker.
Results and Discussion

Synthesis and X-ray Structures
The reaction scheme for the synthesis of CP2 is shown in Scheme 1. Crystals suitable for X-ray analyses were obtained from a slow evaporation of a MeCN solution (Figs. 2, 3) .
During the course of this study, the X-ray structure of L2 was revisited, but at a different temperature (Fig. 2) , because of the template effect discovered (below). Å; γ = 51.78°) at 120 K [22] . This weak compressibility indicates that the stacking is rather compact. Concurrently, CP2 forms a centro-symmetric 2D framework of a general formula ([Cu 4 I 4 ]{L2} 3 ) n (Fig. 3) . Numerous features are striking. First, despite unambiguous literature evidence for the favoured selectivity for Cu(η 2 -C≡C) coordination bond first, this structure exhibits only Cu-S bonding. Second, the secondary building unit (SBU) is a tetranuclear Cu 4 I 4 cluster adopting a staircase structure, which is identical to that observed for the related CP1 built upon L1 (see structure of L1 in Fig. 1 ) with a general formula ([Cu 4 I 4 ]L1 · solvent) n (solvent = MeCN, EtCN) [23, 24] . This trait is somewhat unusual since the structure of the SBU is highly variable going from the rhomboid Cu 2 I 2 , to the closed and open cubane Cu 4 I 4 , to the staircase Cu 4 I 4 , to the hexagonal Cu 6 I 6 , to the closed side-fused dicubane Cu 8 I 8 , to the polymeric staircase (Cu 2 I 2 ) n geometries, just to state a few, and that a slight structural modification of the bridging dithioether ligand can lead to a complete change in SBU and even CP dimensionality [47] [48] [49] . Third, the L2 ligand crystalizes side-by-side with an astonishing resemblance with the crystal structure of L2 itself. Indeed, the d(S···S) values are 3.849, 4.704 and 5.630 Å (Fig. 4) , for which the average value (4.73 Å), while the d(S···S) separation in a repetitive unit is 13.534 Å (13.534/3 = 4.51 Å).
These dimensions compare favourably to the average d(S···S) value observed in the L2 crystal (4.60 Å). Similarly, two of the three coordinated L2 ligands exhibit γ = 63.25° (somewhat larger than that for L2; 51.90°), whereas the third one is 0°. The comparison of the L2 arrangements in the L2 crystal and within CP2 indicates that a seemingly "L2 layer" sliding and a small L2···L2 separation enlargement take place in order to adapt for the incorporation of the staircase Cu 4 I 4 SBU. Similarly, the approximate size of the Cu 4 I 4 cluster (largest Cu···Cu separation = 6.782 Å) and cluster···cluster distance (Cu···Cu gap = 6.757 Å) account for 13.54 Å (i.e. average space available for 3 L2 ligands = 4.51 Å).
In addition, this easy adaptability of the L2 lattice to incorporate the Cu 4 I 4 cluster is also translated by a small change in porosity (the percentage of voids in the lattices, according to Mercury, are 25.9 and 28.3% for L2 and CP2, respectively). The similarity of the atom-atom separations cited above and the void spaces in the lattice explain why no Cu(η 2 -C≡C) coordination bond is formed in this case, despite the wealth of literature data indicating a clear preference for the Cu(η 2 -C≡C) over the Cu-S linkage for these hetero-polydentate ligands. This outcome results from a serendipity template effect of the L2 crystal and the rather large "brochette" of possible SBU's that can offer the (Cu 2 I 2 ) synthon, and seems to the best of our knowledge, totally unprecedented. Some physical and optical properties of this new CP are now described.
Thermal Properties
The thermal stability of CP2 was tested by TGA (Fig. 5) . The first weight loss is observed in the vicinity of 190 °C. Between 190 and 220 °C, a loss of ~ 1% is observed corresponding to a methyl group (theory = 0.91%). Then between 220 and 305 °C, another ~ 2% mass is lost which can be attributed to the loss of two other methyl groups (theory = 1.83%). Between 305 and 470 °C, a mass loss of ~ 19% is depicted and correspond approximately to the loss of one ligand L2 (theory = 17.9%). Finally after a quasi-gradual weight loss, a plateau starts being defined with a residual mass of 48% at 900 °C (i.e. the limit of the instrument). This residual is most likely CuI (theory = 46.3%), which is known to exhibit a melting and boiling point respectively at 606 and 1290 °C.
Photophysical Properties of L2
For comparison purposes with CP2, a brief description of the optical (Fig. 6 ) and photophysical properties (Table 1) is provided. These features are unambiguously associated with emissive ππ* excited states but are verified below. The emission lifetimes occurring in the nanosecond (ns) time scale along with the small Stoke shift (1-4 nm) support the assignment for fluorescence, τ F , whereas the μs time scale the 132 nm spectral gap between the absorption at 368 nm and the 0-0 peak at 500 nm indicate the presence of phosphorescence, τ P . The shorter values for τ F (normally ranging from 1 to 10 ns) and τ P (usually found in the ms to s time scale) are consistent with a small heavy atom effect arising from the S-atoms. The nature of these singlet and triplet excited states has been confirmed by DFT and TDDFT computations. After the geometry optimisation of L2, the shapes and atomic contributions of the frontier MOs have been calculated in both the ground (S 0 : HOMO and LUMO = highest occupied and lowest unoccupied molecular orbital, respectively) and lowest energy triplet (T 1 : LSOMO and HSOMO = lowest semi-occupied and highest semioccupied molecular orbitals, respectively) excited states (Fig. 7 , see SI for more MOs and the atomic contributions). These MO are best described at filled and empty π orbitals as anticipated. TDDFT compute the position of the 0-0 peak at 373 nm, agreeing with the values of 368 and 369 nm observed at 77 K (Table 1) , a temperature where the contributions of "hot bands" is minimal. The calculated oscillator strength (f) is 1.50 meaning that the transition is strongly allowed by symmetry, and is composed of almost entirely on HOMO → LUMO (95%). The first 100 computed electronic transitions are placed in the SI for convenience.
Photophysical Properties of CP2
CP2 is found emissive at 298 and 77 K (Fig. 8) with an emission quantum yield of 17% at 298 K (using an integration sphere). The μs time scale for the lifetimes (τ e ; Table 2 ) and the large spectral gap between the absorption and emission (~ 180 nm) indicate that this luminescence arises from a triplet excited states. The emission decays appears bi-exponential but do not constitute a surprise for this type of ligand. Indeed in recent detailed investigation [50] , it was recently demonstrated that the emission decays in ligands exhibiting the general structure analogous to L1 were all bior poly-exponential depending on the dihedral angles formed by the C 6 H 4 C≡C planes. Indeed in CP2, L2 adopts two conformations (two L2 with γ = 63.25° and one with 0°). The nature of the excited states was also addressed using DFT and TDDFT computations using the X-ray data. For simplicity and the less calculation time, the representative fragment used was the cyclic unit (Me 2 S) 4 (Me 2 S) 4 where the Me 2 S end groups were optimized and the selected L2 were those with γ = 63.25° (Fig. 9) . In the ground state (S 0 ) the filled MOs are located within the Cu 4 I 4 core, whereas the empty ones exhibit atomic contributions of the π-systems in both bridging L2 ligands ( Table 3 ). Any combination of the low-energy electronic transitions (i.e. HOMO → LUMO, HOMO-1 → LUMO, HOMO → LUMO + 1) creates metal-halide-to-ligand charge transfer excited states M/XLCT, an outcome considered common in CuX-dithoether assemblies (X = halide) [47] [48] [49] . Similarly, the LSOMO and HSOMO exhibit atomic contributions respectively localized mainly in one of the Cu 4 I 4 Fig. 9 Representations of the frontier MOs and semi-occupied MOs for CP2 in its ground state (S 0 ) and triplet state (T 1 ), respectively, using a fragment ((Me 2 S) 4 M/XLCT*. The TDDFT computations (Table 4) place the lowest energy singlet-singlet transition at 396 nm with a weak oscillator strength value (f). This value is consistent with the weak feature at ~ 415 nm depicted in the excitation spectrum at 298 K, but also the ill-defined shoulder in this region in the absorption spectra (Fig. 8) .
The weak spectral intensity and the small calculated f value are consistent with the quasi inexistent MO overlap between the Cu 4 I 4 core and the π-system of L2 within the CP meaning that the low-energy electronic transitions are forbidden by symmetry (here lack of overlap). Some illdefined weak vibronic components in the vicinity of 400-450 nm are observed but the lifetime of these features (presumably fluorescence). However, the τ F value could not be extracted because they fell below the detection limit of the instrument (IRF = 90 ps). This outcome is expected as CP2 includes the Cu 4 I 4 cluster inducing a stronger heavy atom effect on the excited states. This effect is well demonstrating by comparing the triplet lifetimes (τ P ) of L2 and τ e of CP2 at 77 K decreasing from 680 μs down to 1.9 and 13.3 μs, respectively. By applying a ratio 13.3 (CP2)/680 (L2) of 0.0193 to τ F for L2 at 77 K (i.e. 620 ps), an anticipated τ F value of ~ 12 ps is indeed predicted for CP2 (outside the detection limit). By plotting the calculated f values as a function of the positions of the electronic transitions (i.e. 0-0 peaks), one obtains a simulated spectrum excluding the vibronic progressions (Fig. 10) , which is reminiscent of that obtained experimentally (Fig. 8) .
In addition, Fig. 8 also suggests that the singlet and triplet emission strongly overlap ought to the rather very large bandwidth (~ 170 nm at 298 K, and ~ 200 nm at 77 K). The position of the triplet state can be estimated by either calculating the energy difference between S 0 and T 1 (3.08 eV) or between the LSOMO and HSOMO (2.47 eV, Fig. 9 ). Based on these calculated data, the position of the triplet emission is 404 or 502 nm, depending which data set one uses. In both cases, these values are larger than that of 396 nm calculated for CP2 (Table 2 ). The conclusion of these computations and comparisons is that this novel emissive CP2 material exhibits singlet and triplet M/XLCT excited states.
Supplementary Discussion
The coordination of the staircase Cu 4 I 4 cluster into the crystalline L2 matrix proceeds in a convenient serendipity, and a template manner. The similarity in percentage of voids in the lattices (i.e. 25.9 and 28.3% for L2 and CP2, respectively) is also translated by a similarity in C···C separations between adjacent C≡C-C≡C parallel chains (ranging from 4.0 to 4.8 Å). This structural feature is most likely associated with the non-nil dihedral angles γ. Knowing that L2 attached onto gold nanoparticles can successfully be photopolymerized upon UV illumination (i.e. λ exc = 250 nm) to form a coloured conjugated polymer (λ abs ~ 600 nm) of general formula (-C≡C-CR=CR-) n (R = C 6 H 4 SMe), when the tilt angle (40-60°) permits a C···C separation smaller than 4 Å [51] . For the L2 crystal and CP2, this distance condition is never met and unsurprisingly both remain white upon UV irradiation and are luminescent (i.e. no polymerization nor emission quenching is observed). It is not true that all diacetynyl compounds exhibit C···C separation longer than 4 Å, and consequently these species are vulnerable to photoadditions (1 + 4 or 1 + 2). The presence of the staircase Cu 4 I 4 cluster can be perceived as a protective device during to coordination assembling. First, the geometry can separate the C-atoms at distances longer than what could lead to C-C bond formation. Second, the external heavy atom effect (just the fact that it is in the vicinity) can decrease the excited state lifetimes and promote intersystem crossing in a way that the 1 ππ* manifold are efficiently deactivated. Third, in the situation where the coordination led to the formation of heavily mixed excited states (where the atomic contribution are located significantly on both the ligand and the SBU), then the nature (and its intrinsic reactivity) of its 1 ππ* excited state will be deeply altered, not to say precluded. Again, this situation was not observed in L2 (see Fig. 9 and Table 3 ) but was noted for other CP exhibiting the SC 6 H 4 R moiety (R = alkyl group) on the thioether ligands [47] [48] [49] .
Moreover, ideally one could comments on the comparison of the Cu-S and Cu(η 2 -C≡C) bond energies. Unfortunately, literature data on these properties are rather scarce and non-homogeneous. A qualitative comparison is still attempted here. The computed bond energy (DFT, B3LYP) for CH 3 Cu(η 2 -HC≡CH) is 72.8 kJ/mol [52] , but to the best of our knowledge no similar computations were performed between a cupper(I) and a thioether. Experimental Cu-S values for Cu(II) and various dithiocarbamates are known [53] , and a typical value turns around 17.7 kJ/mol [54] . Concurrently, the bond energy between copper surface (110) with thiacyclohexane and thiacyclopentane are respectively 57.9 and 96.5 kJ/mol [55] . Intuitively, one may expect that these scarce data suggest that the Cu(I)-thiosulfur bond energy be placed somewhere between these values (17.7-96.5 kJ/ mol), which seems, on average ("57 kJ/mol"), to be just under the calculated Cu(η 2 -HC≡CH) bond strenght (72.8 kJ/ mol) [52] . This comparison is consistent with the very high literature tendency to observe a clear selectivity of Cu(I) toward ethynyl over the thioether center, as indicated in the Introduction. However, the closeness of these values is also consistent that exceptions may occur, as demonstrated in this work.
Conclusion
This work reported a drastic change in coordination selectivity of the CuI salt, normally favouring first the η 2 -(C≡C) binding over the Cu-S. To the best of our knowledge, this observation is extremely rare and is well explained by an unexpected template effect of the ligand crystal structure and the adaptability of the CuI salt to form a large variety of SBUs with different geometries. The resulting CP is luminescent with a quantum yield of 17% at 298 K, and this photophysical activity witnesses the absence of photopolymerization of the diacethynyl ligand, assigning to the Cu 4 I 4 cluster protecting role of against this common photochemical process.
